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Project Summary
Oyster reefs provide habitat for finfish and their prey. Our project focused on
determining the impacts of oyster reef restoration on finfish in the Harris Creek Oyster
Sanctuary in the Maryland portion of Chesapeake Bay. As a preliminary step, we
examined the utility of using trawls in the place of gillnets to sample finfish but found
that trawl samples were also highly variable and that the diets of finfish caught in trawls
tended to be different than those caught in gillnets. Based on these findings and the
fact that gillnets can be set within reef habitats, all remaining sampling was conducted
using gillnets.
To assess differences in finfish abundance on oyster reef compared to adjacent non-reef
habitats, we used pairs of gillnets to determine catch per unit effort (CPUE). Of the
species captured, only white perch showed significantly higher CPUE in reef habitats
than in adjacent non-reef habitats. Using only data from on-reef sites, we examined the
effect of reef type (restored vs. non-restored) on finfish CPUE. Reef type had no
significant effect on CPUE for white perch or striped bass.
The diets of both striped bass and white perch differed from those commonly reported
for these two species in Chesapeake Bay. In contrast to previous studies of striped bass
diets in Chesapeake Bay, fish commonly accounted for <20% of their diet in Harris
Creek. White perch in Harris Creek commonly consumed the sea squirt, Molgula
manhattensis, a species not previously known to be important as forage for white
perch. White perch diets also relied heavily upon other species commonly found on
oyster reefs including mud crabs, mussels, gobies and blennies. Overall, our data
suggest that restored oyster reefs provide significant prey resources for white perch and
may alter the foraging habits of striped bass.
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Rationale
An important factor motivating conservation and restoration of oyster reefs over the
past two decades has been their role in supporting production rates of higher trophic
levels (primarily fish and crustaceans) that are greater than rates for unstructured
benthic habitats (Lenihan et al. 1998, Coen et al. 1999, Luckenbach et al. 1999,
Peterson et al. 2003, Plunket and La Peyre 2005, zu Ermgassen 2015) and comparable
to or greater than rates for marsh edge habitats (Shervette and Gelwick 2008, Stunz et
al. 2010). Field and laboratory studies have invoked several mechanisms to account for
this enhancement, including availability of spawning substrate (Breitburg 1999, Lenhert
and Allen 2002), refugia from predation (Posey et al. 1999, Stunz and Minello 2001) and
greater food availability (Harding and Mann 2001, Peterson et al. 2003, Wong et al.
2011). Although several recent studies have assessed finfish utilization of oyster reef
habitats (e.g. Harding and Mann 1999, Peterson et al. 2003, Tolley and Volety 2005,
Stunz et al. 2010, Pierson and Eggleston 2014) far fewer have included detailed
assessments of trophic links between finfish and restored reef habitats or assessed how
finfish utilization changes either through time or with oyster biomass density on
subtidal oyster reefs restored using hatchery-produced juvenile oysters settled on adult
oyster shell (hereafter “spat on shell”). Prior observations suggest that finfish utilization
is enhanced almost immediately after placement of spat on shell and increases as the
oyster reef and associated macrofaunal community develops and the reef matures, but
quantitative relationships between
easily-determined oyster reef metrics
(e.g. reef age, oyster abundance, oyster
biomass density, reef complexity) and
MD
ecosystem functions (e.g. provision of
habitat, secondary production) are
largely lacking (but see Luckenbach et
DE
al. 2005 and Gregalis et al. 2009).
Identification of these relationships will
ultimately allow estimation of the
ecosystem services provided by a broad
range of ongoing oyster reef restoration
activities and help justify the expenses
VA
associated with these restoration efforts.

Objectives
Our overarching objective was to
quantify the utilization of restored
oyster reefs as habitat and foraging
grounds for transient finfish in Harris
Creek, MD (Fig. 1). The study design
incorporated knowledge gained from a

Atlantic
Ocean
Fig. 1. Location of study sites in the Maryland
portion of Chesapeake Bay.
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one-year study of finfish utilization of restored oyster reefs in Harris Creek previously
funded by NOAA Chesapeake Bay Office (Kellogg et al. 2016). Based upon the results of
that sampling effort we developed a sampling plan that sought to answer the following
questions:
•
•
•
•

Are gillnets or trawls the most appropriate sampling gear for assessing the
effects of oyster reefs on finfish utilization of oyster reef habitats?
What species of finfish are utilizing oyster reef habitats and do patterns of
utilization change with season?
Does finfish utilization increase with reef age?
Are fish in Harris Creek feeding on species that are commonly found in oyster
reef habitats?

Study sites
All studies were conducted within
the Choptank River Complex in
the Maryland portion of
Chesapeake Bay. The primary
focus of the study was the Harris
Creek Oyster Sanctuary (Fig. 2).
Within this sanctuary a variety of
techniques have been used in an
attempt to restore >300 acres of
historic oyster bottom (i.e. areas
identified as viable oyster habitat
at some point in the past) within
this sanctuary. As part of our
previous work in Harris Creek, we
identified and studied five
restoration sites and three control
sites that were suitable for
restoration but were not subject
to any restoration activities
(hereafter “non-restored”). To
control for the influence of the
restoration method employed, we
limited our study to sites where
juvenile oysters set on oyster
shell (i.e. “spat-on-shell”) were
planted directly on the bottom
(i.e. areas with substratum
conditions suitable for oyster
survival and growth without

Fig. 2. Location of control (non-restored) and treatment
(restored) sites within the Harris Creek Oyster Sanctuary
in relation to the larger oyster reef restoration effort
(white polygons).
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adding hard substrate prior to
planting). To control for the influence
of oyster age, we selected only sites
that were planted in 2012. Prior to site
selection, a patent tong survey of
potential sites was conducted in 2014
by the Paynter Lab at the University of
Maryland. Based upon the resulting
data, we delineated eight 1.25-ha study
sites for our work (Fig. 2). The
selected areas provided biomass
densities ranging from 2.7 to 98.4 g
dry weight (DW) oyster tissue per
square meter at the time of initial
surveys.

Fig. 3. Location of Harris Creek (red oval) and the
Tred Avon River (blue oval) within the Choptank
River Complex.

Our evaluation of trawling as a
potential alternative to gillnet sampling also included sampling in the Tred Avon River, a
tributary to the east of Harris Creek that also lies on the north shore of the Choptank
River (Fig. 3). The Tred Avon River was selected as the tributary for comparison to Harris
Creek because it is relatively similar size and bathymetry to Harris Creek and because it
was also selected for restoration but, at the time of sampling, only the earliest phases
of the restoration plan had been implemented.

Comparison of gillnet and trawl sampling
Previous work in Harris Creek (Kellogg et al. 2016) demonstrated that finfish catch per
unit effort using gillnets in Harris Creek was highly variable. Prior to initiating our 2016
and 2017 sampling, we evaluated the use of trawling in the place of gillnetting as a
sampling method. Specifically, we wanted to see if trawling substantially reduced the
variance in catch per unit effort and if fish captured by trawl adjacent to restored reefs
had gut contents similar to those captured on the reef using gillnets. At the same time,
we also wanted to determine whether sampling at the scale of entire tributaries might
be a more promising approach to assessing the effects of restoration on finfish
populations. Note that these comparisons were meant to serve as guidance for future
sampling efforts rather than as a rigorous evaluation of the strengths and weaknesses
of these two gear types or of the value of sampling at larger spatial scales.
Methods:
In May, September and October of 2015, trawl samples were collected in both Harris
Creek and the Tred Avon River in Maryland. To allow for comparison to data collected
using gillnets, samples in Harris Creek were collected adjacent to the eight reef sites
(five restored and three non-restored reefs) used for gillnet sampling in 2015-2017 (see
Kellogg et al. 2016 and below for details of locations and sampling methods). Trawl
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sampling sites in Harris Creek were as close as possible to the reefs and were selected
to be similar in depth to the reefs. Within the Tred Avon, the location of the eight sites
was selected to mirror those in Harris Creek to the greatest extent possible in an
attempt to limit the variance. To further reduce variance between samples, all trawl
samples were collected simultaneously in the two tributaries by two separate sampling
crews.
During each sampling period, two trawl samples were collected at each site in each
tributary using a small otter trawl towed for ~4 minutes. All fish captured were
enumerated and identified. For species with feeding habits likely to include benthic
organisms, a minimum of 25 fish (or all fish in the sample if <25) were also measured
and weighed. For selected species, guts were excised and preserved for laboratory
analyses of gut contents (see Kellogg et al. 2016 and “finfish diets” section below for
details of methods used for gut content analyses). Data from trawl samples in Harris
Creek and the Tred Avon were analyzed using two-way ANOVA to determine the effects
of tributary, sampling month and whether there was an interaction between these two
terms. For all analyses, the significance level was set at α = 0.05. Where data were
resistant to transformation, ANOVA were assumed to be robust to violations of ANOVA
assumptions.
Results:
Like gillnet samples, trawl samples produced highly variable catch per unit effort of
finfish species (Fig. 4). Statistical analyses of CPUE for white perch found a significant
12.0

6.0
Tred Avon

10.0

Striped Bass CPUE (ind. hr -1)

White Perch CPUE (ind. hr -1)

Harris Creek

8.0
6.0
4.0

5.0
4.0
3.0
2.0

2.0

1.0

0.0

0.0

May

June

July

May

June

July

Figure 4. CPUE for white perch (left) and striped bass (right) trawl samples collected in Harris
Creek and the Tred Avon River. Error bars represent one standard deviation.
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effect of month (p = 0.001) and tributary (p = 0.032) with no interaction between the
two terms. Although significantly more white perch were captured in the Tred Avon
than in Harris Creek, differences in the degree of restoration effort between the two
tributaries is only one of the many factors that differ between the two tributaries
precluding meaningful interpretation of this result. Neither tributary nor month had a
significant effect on CPUE for striped bass.
Because sample sizes were frequently small for both gillnet and trawl samples collected
in 2015, we were unable to use ANOVA to directly compare the effects of gear type,
tributary and sampling month on the gut contents of white perch and striped bass.
However, we did find patterns in the gut contents of these species with respect to gear
type (Table 1). As described in Kellogg et al. (2016), the sea squirt Molgula
manhattensis is commonly found in the guts of white perch collected via gillnet
sampling on oyster reefs in Harris Creek. In contrast, none of the white perch caught by
trawl in Harris Creek or the Tred Avon had Molgula manhattensis in their guts. Mud
crabs, gobies and blennies were also absent from the guts of white perch caught using
trawls in both Harris Creek and the Tred Avon. Although none of the striped bass
caught in 2015 had Molgula manhattensis in their guts, the patterns observed for mud
crabs, gobies and blennies were similar to those seen observed in white perch. Striped
bass caught in gillnets had eaten mud crabs, gobies and blennies. No mud crabs were
found in the guts of striped bass caught in trawls and the biomass of gobies and
blennies found in striped bass guts caught using trawls was two orders of magnitude
lower than that for striped bass caught using gillnets. These data, combined with the
fact that gillnet samples are collected directly from oyster reef habitats rather than from
adjacent sites, suggests that gillnet sampling is more appropriate than trawl sampling
for determining the effects of oyster reef restoration on finfish, especially if the goal is
to examine trophic links between transient finfish populations and resident reef fish
and invertebrates.
Table 1. Mean biomass of select species in samples collected using gillnets and trawl
nets in Harris Creek and the Tred Avon River.

Predator
Common Name
White Perch
White Perch
White Perch
Striped Bass
Striped Bass
Striped Bass

Gear
Gill
Trawl
Trawl
Gill
Trawl
Trawl

River/Creek
Harris Creek
Harris Creek
Tred Avon
Harris Creek
Harris Creek
Tred Avon

Goby/Blenny
Mean Biomass
(g WW)
0.1027
0
0
0.1082
0.0089
0

Molgula
manhattensis
Mud Crab
Mean Biomass Mean Boimass
(g WW)
(g WW)
0.6686
0.0020
0
0
0
0
0
0.0137
0
0
0
0
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Conclusions:
•

Variance in catch per unit effort was not greatly improved by the use of trawl
sampling instead of gillnet sampling.

•

Gillnet samples appear to be better at capturing the food habits of finfish foraging
in reef habitats.

Effect of location relative to reef and restoration status
After considering the results of previous work in Harris Creek (Kellogg et al. 2016) and
the results of paired trawls in Harris Creek and the Tred Avon River systems, we focused
the remainder of our sampling efforts on comparing restored and non-restored reefs to
adjacent off-reef areas in Harris Creek using gillnet sampling. Off-reef areas were
selected to have similar depth and environmental setting to on-reef sites and generally
had substratum composed of sand, sandy mud and/or muddy sand.
Methods:
Reefs and adjacent non-reef areas were sampled in Harris Creek monthly between May
and October of 2016 and 2017. To improve the chance of collecting fish that had been
feeding recently, all samples were collected within three hours of sunset, a time of day
fish were expected to be feeding actively. All fish caught were identified to species and
counted. For species with feeding habits likely to include benthic organisms, a
minimum of 25 fish (or all fish caught if the total number of fish was <25) were also
measured and weighed. For selected species, guts were excised and preserved for
laboratory analyses of gut contents (see “finfish diets” section below).
To assess reef-scale patterns in finfish utilization, catch per unit effort (CPUE) was
calculated for all species caught at on-reef and off-reef sites. For each species during
each season, the CPUE for the off-reef site was subtracted from the CPUE for the on-reef
site to assess trends towards increasing or decreasing catch per unit effort at each site
(Table 2). ANOVA were used to determine significant differences between CPUE on-reef
and off-reef and between restored and non-restored reefs. For all analyses, the
significance level was set at α = 0.05. Where data were resistant to transformation,
ANOVA were assumed to be robust to violations of ANOVA assumptions.
Results:
Of the species caught during gillnet sampling in 2016 and 2017, white perch showed
the most consistent pattern suggesting enhancement associated with oyster reef
restoration (Table 2). For all months except May, white perch CPUE tended to be higher
for on-reef samples than for off-reef samples and CPUE was significantly higher in both
September (p = 0.001) and October (p = 0.029) for on-reef samples. Regardless of
sampling period, CPUE of silversides was greater off-reef than on-reef (p = 0.028). CPUE
was also significantly higher off-reef for spot in June (p < 0.001) and July (p = 0.035)
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and for weakfish in August (p = 0.033) and September (p < 0.001). In spring, no species
showed a trend towards higher CPUE on oyster reefs (restored or non-restored) than in
adjacent soft sediment environments. Other than this trend, patterns were inconsistent
across species with respect to sampling period.
Table 2. Difference between catch per unit effort (CPUE) at on-reef sites compared to off-reef
sites. Positive values indicate that mean catch per unit effort tended to be higher on the reef
than off the reef. Reef sites are broken down by restoration status into restored reefs and nonrestored reefs. For each species, colors and their intensity are used to help visual the scale of
the difference between on-reef and off reef sites. Note that the scaling of the colors is consistent
within species but not across species.

Month
May
June
July
Aug.
Sept.
Oct.

Restoration
Atlantic
Bay
Status
Menhaden Anchovy
Non-restored
-4.07
0.00
Restored
-4.74
0.00
Non-restored
-12.71
0.00
Restored
-0.22
-0.26
Non-restored
2.11
0.00
Restored
2.27
-0.07
Non-restored
2.78
-0.67
Restored
11.87
-0.50
Non-restored
0.11
-4.33
Restored
0.33
2.00
Non-restored
-1.78
-0.06
Restored
-2.84
-0.49

Silver
Perch
Silverside
0.00
-0.06
0.00
-1.07
0.00
-0.11
0.00
-0.43
0.00
-0.44
0.00
-0.07
0.00
-0.11
0.00
0.13
0.06
0.00
0.13
0.00
-0.11
-0.17
0.14
0.00

Spot
0.00
0.00
-3.73
-2.06
-1.78
-0.53
0.17
-0.23
0.00
-0.10
0.06
0.00

Striped
Bass Weakfish
-0.56
0.00
-0.24
0.00
-0.22
0.00
0.50
0.00
0.06
0.00
0.07
-0.03
0.17
-0.22
0.03
-0.47
-0.06
-0.83
0.00
-0.78
-0.11
-0.33
-0.43
-0.30

White
Perch
-0.66
-0.28
0.11
0.30
0.28
0.60
0.17
0.37
1.00
0.84
0.50
0.67

Striped Bass
Analyses of the effects of year, month, and location relative to reef for striped bass
found a significant interaction between year and month (p = 0.002; Fig 5). In 2016,
CPUE was significantly higher in May than in July (p < 0.001), August (p < 0.001),
September (p < 0.001), and October (p = 0.027). In 2017, month had no significant
effect on CPUE for striped bass. In both May (p < 0.001) and October (p = 0.042), CPUE
of striped bass was higher in 2016 than in 2017. Location relative to reef did not have
a significant effect on CPUE for striped bass (p = 0.504). Comparisons of CPUE between
samples collected on restored versus non-restored oyster reefs found no significant
effects of year, month or reef type for striped bass (Fig. 6). In general, variance was
high and trends were inconsistent.
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2.5
Off Reef - 2016
Striped Bass (CPUE (ind. hr -1)

Off Reef - 2017
2.0

On Reef - 2016
On Reef - 2017

1.5

1.0

0.5

0.0
May

June

July

August

September

October

Figure 5. CPUE for striped bass at sites on oyster reefs (restored and non-restored combined)
and in adjacent soft sediment habitats. Error bars represent one standard deviation.

2.0
2016 Non-restored

Striped Bass CPUE (ind. hr -1)

1.8

2017 Non-restored

1.6

2016 Restored

1.4

2017 Restored

1.2

1.0
0.8
0.6
0.4
0.2
0.0
May

June

July

August

September

October

Figure 6. CPUE for striped bass on restored and non-restored oyster reefs in 2016 and 2017.
Error bars represent one standard deviation.
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White perch
Analyses of the effects of year, month, and location relative to reef (on-reef versus offreef) for white perch found significant interactions between the effects of month and
both year (p = 0.040) and location relative to reef (p = 0.026; Fig. 7). In 2016, October
CPUE was significantly greater than in June (p < 0.001), July (p < 0.001) and August (p <
0.001). In 2017, CPUE was not significantly different between months. In October,
CPUE was significantly greater in 2016 than in 2017. In both September and October,
CPUE was significantly greater for on-reef than off-reef sites.
Comparisons of CPUE between samples collected on restored versus non-restored oyster
reefs found no significant effects of year, month or reef type for white perch (Fig. 8). As
for striped bass, variance in CPUE for white perch was high and trends were
inconsistent.

3.5
Off Reef - 2016
White Perch CPUE (ind. hr -1)

3.0

Off Reef - 2017
On Reef - 2016

2.5

On Reef - 2017

2.0
1.5
1.0
0.5

0.0
May

June

July

August

September

October

Figure 7. CPUE for white perch at sites on oyster reefs (restored and non-restored combined) and
in adjacent soft sediment habitats. Error bars represent one standard deviation.
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6.0

White Perch CPUE (ind. hr -1)

2016 Non-restored
5.0

2017 Non-restored
2016 Restored

2017 Restored
4.0

3.0

2.0

1.0

0.0
May

June

July

August

September

October

Figure 8. CPUE for white perch on restored and non-restored oyster reefs in 2016 and 2017.
Error bars represent one standard deviation.

Finfish diets
Detailed diet studies were conducted for white perch and striped bass caught in Harris
Creek in 2016 and 2017. These two species were selected for detailed studies because
they are commercially and/or recreationally important species, benthic organisms
frequently form a significant portion of their diets, and sample sizes were sufficient to
make diet analyses meaningful. All samples used in analyses below were collected
during the course of the gillnet sampling in Harris Creek described above.
Methods:
During monthly gillnet sampling in May thru October in both 2016 and 2017,
individuals of each species from each site (representing as broad of a range of size
classes as possible) were sacrificed for gut content analyses to establish dietary
composition during each sampling period. For large individuals, samples were collected
by excising the esophagus and stomach of individual fish in the field and immediately
immersing them in Normalin for fixation. For smaller individuals, a slit was made in the
body cavity and the individual was preserved whole for later laboratory excision of
esophagus and stomach. After a minimum of 48 hours, samples were transferred to
70% ethanol prior to processing. During processing, all diet components were
identified to the lowest practical taxa, measured (when possible and appropriate), and
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weighed (wet weight) using standard methods (Hyslop 1980). All diet analyses were
based upon the wet weight of prey taxa.
Although our sampling effort was designed to allow us to determine the effect of year,
month, and location relative to reef on percentage of fish with prey in their guts and the
percentage of each prey type in finfish diets, using three-way ANOVA, data were too
sparse and variable to allow robust analyses using this approach. Instead, we present
means and variance when appropriate. Examination of finfish diets focused on the
consumption of oyster reef associated species by striped bass and white perch.
Results:
Presence of Prey
The proportion of both striped bass and white perch caught that had prey in their
stomachs was highly variable and showed no consistent pattern with respect to years,
months, and/or location relative to reef that could be discerned from the available data
(Fig. 9 and Fig. 10).

1.8

% Striped Bass with Prey

Off Reef - 2016
1.6

Off Reef - 2017

1.4

On Reef - 2016
On Reef - 2017

1.2
1.0
0.8
0.6
0.4
0.2

0.0
May

June

July

August

September

October

Figure 9. Percent striped bass with prey in their guts at sites on oyster reefs (restored and nonrestored combined) and in adjacent soft sediment habitats. Error bars represent one standard
deviation.
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1.8
Off Reef - 2016
1.6

% White Perch with Prey

1.4

Off Reef - 2017
On Reef - 2016
On Reef - 2017

1.2
1.0

0.8
0.6
0.4
0.2
0.0
May

June

July

August

September

October

Figure 10. Percent white perch with prey in their guts at sites on oyster reefs (restored and nonrestored combined) and in adjacent soft sediment habitats. Error bars represent one standard
deviation.

Diet Composition
Striped Bass: Similar to other studies of striped bass diets, shifts in diet were seen
between fish with a total length ≤200 mm and those >200 mm (Fig. 11 and Fig. 12).
Mysids formed a substantial part of the diet of smaller fish but were rarely found in
larger fish. In contrast, blue crabs were a significant part of the diet of larger fish but
not of smaller fish. Regardless of size, the diet of striped bass in Harris Creek was
dominated by benthic species. Although striped bass are considered highly piscivorous,
fish accounted for an average of only 16% and 19% of the diets of small and large
striped bass, respectively, in Harris Creek. In contrast, the diets of small and large
striped bass collected as part of the CHESFIMS sampling program were composed of
53% and 97% fish respectively (Ihde et al. 2015). Differences in sampling methods used
to collect fish between our work in Harris Creek and the CHESFIMS sampling program
make it difficult to determine whether the differences observed between the two data
sets are an artifact of the sampling design or represent true shifts in diet attributable to
the increase in prey resources provided by restored oyster reefs. However, the scale of
the differences between these two data sets suggests that these differences warrant
further investigation.
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100%

% Striped Bass ≤ 200 mm Diet

90%
80%

Mysid

70%

Amphipod/Isopod

60%
50%

Alitta succinea

40%

Fish - other/unknown

30%

Goby/Blenny

20%

Mollusc - other/unknown

10%
0%
Spring

Summer

Fall

Figure 11. Seasonal diet composition of striped bass ≤200 mm in total
length based on data from 2016 and 2017.

% Striped Bass > 200 mm Diet

100%
90%
80%

Blue crab

70%

Mud crab

60%

Amphipod/Isopod

50%

Alitta succinea

40%

Fish - other/unknown

30%

Goby/Blenny

20%

Mollusc - other/unknown

10%
0%
Spring

Summer

Fall

Figure 12. Seasonal diet composition of striped bass >200 mm in total
length based on data from 2016 and 2017.
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White Perch: Like striped bass, white perch diets in Harris Creek differed from those
previously reported. The most striking difference was in the abundance of the sea
squirt Molgula manhattensis found in the guts of white perch (Fig. 13). In October,
Molgula accounted for >50% of the diet of white perch in Harris Creek. In contrast,
Molgula is not mentioned in a recent review of existing data on the dietary habits of
white perch in Chesapeake Bay (Ihde et al. 2015). In addition to Molgula, diets of white
perch in Harris Creek included mud crabs, mussels, gobies and blennies. Overall, these
four prey groups accounted for the majority of white perch diets in Harris Creek.
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Figure 13. Seasonal diet composition of white perch based on data from
2016 and 2017.

Interestingly, these same prey groups are commonly found in greater abundance and
biomass on oyster reefs than in most other Harris Creek benthic habitats. As part of a
related project (Kellogg et al., unpublished data), suction sampling was used to collect
all organisms ≥ 1mm from 0.1 m2 areas of oyster reefs, sea grass beds and soft
sediment habitats (sand, mud, and sandy mud/muddy sand) in Harris Creek. Examples
of the resulting data from October 2017 are shown in Figures 14 and 15. During this
sampling period, mud crabs were only observed in reef habitats. Molgula were found
on reefs and in soft sediments composed of mud and of a mud/sand mix, but were
found in greatest abundance and biomass in reef environments. Naked gobies were
found in reef habitats, sea grass beds and in soft sediments with a mud/sand mix. The
relatively high abundance and biomass of Molgula, mud crabs and naked gobies found
in reef habitats in combination with the fact that these species account for 91% of white
perch diets in October suggests that reef habitats are an important source of prey for
white perch in Harris Creek.
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Figure 14. Mean abundance of selected reef resident species across
habitats in Harris Creek in October 2017. Error bars represent one
standard deviation.
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Figure 15. Mean biomass of selected reef resident species across
habitats in Harris Creek in October 2017. Error bars represent one
standard deviation.

Conclusions:
•

The proportion of striped bass and white perch that contained prey in their guts
was highly variable and showed no consistent patterns with respect to location
relative to oyster reefs.

•

Striped bass diets in Harris Creek were less dependent on fish in comparison to
other studies of striped bass diets in Chesapeake Bay.
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•

White perch diets in Harris Creek rely heavily on benthic species commonly found
on oyster reefs and differ substantially from diets previously reported for white
perch in Chesapeake Bay.

Recommendations for future research
•

Our results suggest that trawl sampling adjacent to reefs and gillnet sampling
directly on reefs leads different estimates of the dietary habits of finfish utilizing
oyster reefs in Chesapeake Bay. Additional studies are needed to further explore
this finding and to determine whether the observed pattern is consistent across
sites. If this pattern is consistent across a range of sites in Chesapeake Bay, it
suggests that currently large-scale, long-term sampling programs that rely only
on trawl sampling may underestimate the value of oyster reef habitats as foraging
grounds for finfish in Chesapeake Bay.

•

Striped bass in Harris Creek showed a tendency to be less dependent on finfish
as prey than reported in most previous studies of their dietary habits in
Chesapeake Bay. Additional research is needed to determine whether this pattern
is consistent across oyster reef restoration sites.

•

White perch in Harris Creek consumed substantial numbers of the sea squirt
Molgula manhattensis. To the best of our knowledge, the present study is the
first to document Molgula as a significant prey resource for white perch.
Additional studies are needed in areas were Molgula are present to determine
whether this is true across the range of areas where both white perch and
Molgula are found, or whether it is unique to Harris Creek.

•

The diets of white perch in Harris Creek depend heavily on species commonly
found in higher abundance and biomass in oyster reef habitats. Additional
studies are needed to determine whether this pattern is consistent across areas
where white perch occur in oyster reef habitats.

Dissemination of results
Data from or information about this project have been presented at a variety of
meetings attended by resource managers, restoration practitioners and researchers.
Presentations to date include:
Ricci, SW, D. R. Bohnensteil, D. B. Eggleston, ML Kellogg, and R. P. Lyon. (2017) Oyster
toadfish (Opsanus tau) boatwhistle call detection and patterns within a large-scale
oyster restoration site. PLOS One 12(8):
https://doi.org/10.1371/journal.pone.0182757.
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Kellogg ML and 10 others (2017) Ecosystem services provided by tributary-scale oyster
reef restoration in Chesapeake Bay. Coastal and Estuarine Research Federation’s
Biennial Conference, Providence, RI.
Kellogg ML, Cornwell JC (2017) Benefits of oyster reef restoration in Harris Creek, MD.
MARACOOS Workshop, Annapolis, MD.
Kellogg ML, Cornwell JC (2016) Benefits of oyster reef restoration in Harris Creek, MD.
Seminar, Horn Point Laboratory, University of Maryland Center for Environmental
Science, Cambridge, MD.
Kellogg ML, Cornwell JC, Owens MS, Ross PG, Dreyer JC, Paynter KT, Luckenbach MW
(2015) Integrated assessment of ecosystem services provided by tributary-scale oyster
reef restoration in Chesapeake Bay. Coastal and Estuarine Research Federation’s 23rd
Biennial Conference, Portland, Oregon
Kellogg ML, Paynter KT, Cornwell JC, Ross PG, Owens MS, Handschy AV, Dreyer JC,
Luckenbach MW (2014) Integrated assessment of oyster reef ecosystem services:
Harris Creek, MD. 16th International Conference on Shellfish Restoration, Charleston,
SC
Kellogg ML 2015. Measuring the benefits of oyster reef restoration: Quantifying
denitrification rates and other ecosystem services. NC State Center for Marine Sciences
and Technology, Morehead City, NC.
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